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The extra hepatie origin and metabolism of
water soluble steroids oniy recently have been
given biological importance with respect to
the total picture of steroid biotransformation
(1—3). However, at the present time, only a
few organs have been studied in this respect,
i.e., adrenals, intestines, kidney, placenta,
ovaries, testis and various fetal tissues. Their
particular quantitative contributions to the
overall steroid metabolism is largely unknown.
The human skin is the largest organ of
the body. Estimates of the area have com-
pared it to the size of a 9 x 12 foot rug (4). We
here report the biotransformation of dehy-
drocpiandrosterone to dehydroepiandrosterone-
sulfate and several other metabolites.
MATERIALS AND METHODS
The human skin employed in these studies was
taken from the anterior abdominal wall of an
adult male at the time of laparotomy. The sped-
men was handled under aseptic conditions at all
times. Subcutaneous tissue was removed and histo-
logical examination demonstrated the presence of
dermis and epidermis in the incubated samples.
The tissue was minced, weighed and divided into
four portions of 0.5 g each. Three 0.5 g portions
were immediately incubated separately in sterile
glass bottles containing 0.8 pe of DHA 4-"C each(S.A. 42 me/mM) in 10 ml of Eagle's growth
media (5). The media contained 2 p1 propylene
glycol, 10% calf serum and 100 i.u. of penicillin.
A total of six incubation flasks were prepared;
three containing 0.5 g of skin and two others con-
taining the radioactive precursor, plus the growth
media without skin (control incubated) and the
last one containing the skin portion plus growth
media and 20 ml of acetone (zero time control).
In this last control, acetone was added at the
beginning of the incubation period. The six bottles
were incubated for five days at 37° 1° C in an
atmosphere of air and 5% CO2. At the end of the
incubation period, no bacterial contamination was
found. Twenty ml of warm acetone (40° C) was
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added to the bottles to terminate enzymatic ac-
tivity. Warm acetone was added three more times
to insure total extraction of the steroids from the
bottles. The extracts were filtered (shark skin
filter paper) and collected. Acetone was evapo-
rated under vacuum and the remaining aqueous
residue was partitioned three times with 20 ml
of chloroform. Figure 1 illustrates the several ex-
tractions performed throughout the experiment.
The chloroform fractions ("free" steroid or
"organic" fractions) were dried under a stream of
nitrogen and prepared for paper chromatography
analysis (6). An aliquot of the water fraction
("conjugated" steroid fraction) was initially puri-
fied by column chromatography subsequently mn
in two paper chromatographic systems; 1) Butyl
acetate-toluene-n-butanol-4 NNH4OH methanol
(6:3:1:5:5) and 2) Butyl acetate-toluene-n-buta-
nol-acetic acid-water-methanol (10:2:8:1:9:10).
Another ahquot of the water fraction was sub-jected to solvolysis in the manner described by
Burstein and Lieberman (7). The water fraction
obtained after solvolysis was subjected to fO glu-
curonidase hydrolysis in the manner described by
Katzman, et al. (8). To the organic phase, prior
to chromatography, 100 pg each of pure testos-
terone and a4-androsten-3, 17-dione were added as
carriers. These samples were ehromatographed in
the hexane-benxene (1:1): formamide (h:b sys-
tem) paper chromatographic system of Zaffaroni(6) for three hours. The chromatograms were
analyzed in a gas-flow radiochromatogram strip
counter. The specific activities and derivative for-
mations of the different metabolites were deter-
mined as described in detail elsewhere (9).
RESULTS
Various areas of radioactivity were iso-
lated from the paper chromatograms; they
arc described here alphabetically in order of
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decreasing polarity.
The characterization of compounds in area
A (38.5% of the radioactivity present in the
organic phase) is in the process of identifi-
cation. At least three distinct compounds of
high polarity have been isolated from this re-
gion. Area B was identified as 5-androstene-
3/9, 17/3-diol, based on the following proce-
dures: The entire area B (7.0%) was eluted,
and rechromatographed in the h : b system, to
overflow for three hours after 100 g of pure
5-androstene-3/3, 17/9-diol was added as car-
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rier. Only one area of radioactivity was pres-
ent and it corresponded in mobility to that
of the carrier, which was detected by the color
reaction of Eberlein (10). The percentage con-
version of dehydroepiandrosterone by each of
the three incubated samples of skin was de-
termined, and the average percentage conver-
sion is reportcd here. Area B was divided into
several fractions and one of these was acety-
lated and another oxidized. The derivative
formed by acetylation had the same mobility
as -androstene-3, 17,6-diacetate. Two deriva-
tives were formed on oxidation: 4-andros-
tenedione and i-androstenedione, respectively.
These two derivatives migrated at rates iden-
tical to authentic reference compounds on
chromatograms run in the h:b system. An-
other fraction of area B was recrystallized to
constant specific activity with authentic -
androstene-3, 17,&-diol. These results are sum-
marized in Table I.
Area C (1.0% of the organic phase) was
identified as testosterone based on the follow-
ing procedures: After elution the radioactive
area was divided into several fractions. One
fraction was acetylated and another oxidized.
The products obtained had mobilities that
were identical to testosterone acetate and —
androstenedione, respectively, in the h : b sys-
tem. A third fraction of the original area C
was recrystallized with pure testosterone. Ta-
ble I shows the results of these recrystalliza-
tions which confirmed that the compound iso-
lated was testosterone.
Area D (53.5% of the organic phase), com-
posed of a mixture of DHA and i-andros-
tenedione, was eluted and acetylated. It was
then rechromatographed in the h:b system.
Two major radioactive areas were obtained; a
smaller one, migrating with the ultraviolet
absorption of the -androstenedione carrier
(0.8%) and a larger one, running at the sol-
vent front and corresponding to the mobility
of DHA acetate (52.7% of the organic phase).
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TABLE I
Recrystallizations to constant specific activity*
(dpm X 103/mg)
Steroids Calculated B.C. 1st 2nd 3rd
A i15-androstene-3$, 17$ diol
A4-androstenedione
A testosterone
6.000
0.81
1.70
5.85
0.84
1.44
5.86
0.71
1.33
5.84
0.77
1.59
5.85
0.76
1.46
B + z5-androstene-3$, 17$ diol
B + dehydro epi androsterone
B 0 dehydro epi androsterone sulfate
B + 4-androstene-3$, 17$ diol
0.05
0.45
0.60
0.10
0.05
0.36
—
0.10
0.04
0.42
0.60
0.07
0.05
0.47
0.60
0.05
0.05
0.40
—
0.04
A from organic phase; B from water phase; + after solvolysis; 0 before solvolysis.
* Aliquots from each radioactive area were eluted and approx. 20 mg of pure steroid was added be-
fore crystallization.
Solvents employed: heptane/methanol; hexane/methanol.
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WATER SALABLE COMPOUNDS
0- 003
DNA SULFATE
The radioactive peak corresponding with the
u.v. light absorption of A-androstenedione
was eluted and recrystallized with 4-andros-
tenedione to constant specific activity. The
results are presented in Table I. Table I
demonstrates the crystallization of the iso-
lated conjugated steroid after addition of
pure DHA-sulfate. When 9,300 dpms of the Un-
known were mixed with 15 mg of DHA-S04
a constant specific activity was obtained.
An aliquot of the water fraction obtained
after chloroform partition (conjugate steroid
fraction) was subjected to solvolysis, yielding
an organic and a water phase (see Fig. 1). The
organic phase was chromatographed on paper
in the h:b system and two areas of radioactiv-
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ity were detected. The mobilities of these two
areas corresponded exactly with those of IDHA
and &-androstene-3/3 ,17f3-diol carriers. A sim-
ilar procedure of identification (acetylation
and oxidation) of these compounds was fol-
lowed as described above. Final identification
of the two componnds was obtained after
several crystallizations to constant specific ac-
tivity witb authentic DHA or 5-androstene-
3/3, 17/3-diol. A fraction of the latter compound
was recrystallized with pure A4-androstene-
3/3, 17/3-diol. The results shown in Table I
demonstrate a drop in the specific activities
after each recrystallization with the &-
steroid demonstrating that this compound was
not formed during the incubation. The con-
trol incubated flasks containing no skin, and
the zero time control skin sample were all ex-
tracted with acetone and chloroform (Fig. 1).
No water soluble steroids were found in any of
these samples.
nIscussIoN
The conversion of PHA and androstenedione
to testosterone has been demonstrated to occur
in hver (11) and in human skin (12—15). A
review of extra hepatie metabolism of steroids
reveals that fibroblasts participate activity in
a variety of steroid biotransformations (16,
17). Recently it has been demonstrated that
human skin can transform testosterone to &-
androstenedione and several ring A reduced
steroids (18). We have demonstrated the
presence of A5-3/9-ol steroid dehydrogenase
system activity in L-929 fibroblasts in tissue
culture (19). Estradiol and estrone are readily
interconverted by abdominal wall skin and
foreskin of newborn babies (20). Corticoster-
oids are also actively metabolized by human
skin (21,22).
Fibroblasts are important components of the
dermal layer of the skin. It is possible that
these cells contribute in an important manner
to the formation of the metabolic products
reported here. Fibroblasts are ubiquitous cells
of mesenehyrnal origin; their functional
capabilities with respect to steroid biotrans-
formation have been unveiled recently. For
some time the fibroblasts were regarded only
as dormant components of some structural en-
tities such as in bones, tendons, cartilage and
skin. Now it is apparent that fibroblasts par-
ticipate actively in important functions
such as bone remodeling, steroid biotrans-
formations, wound healing and the inflam-
matory reaction (23).
It appears that skin, the largest organ in
the human body, participates actively not
only in the total picture of steroid biotrans-
formation but also in the formation of water
soluble steroids. In Figure 2 is depicted the
overall biotransformation and conjugation of
androgens by the skin from the results re-
ported here as well as by other investigations
(13, 14, 15).
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